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(54) Method and apparatus for treating wastes by gasification 

(57) A method and apparatus fo r treating wastes by 
gasification recovers metals or ash content in the 
wastes in such a state that they can be recycled, and 
gases containing carbon monoxide (CO) and hydrogen 
(H ? ) for use as synthesis gas of ammonia (NH 3 ) The 
wastes are gasified in a fiuidizeo-bed reactor at a rela- 
tively low temperature, and gaseous materia, and char 
produced in thefluidized-bed reactor are introduced into 
the high-temperature combustor The synthesis gas is 
produced in the high-temperature combustor at a rela- 
tively high temperature CO and H 2 Q in the synthesis 
gas is converted into C0 2 and H 2 . and then H 2 is recov- 
ered by removing C0 2 . 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: - 

The present invention relates to a method and 
apparatus for treating wastes by gasification, and more 
particularly to a method and apparatus for treating 
wastes by gasification at a relatively low temperature ic 
and then at a relatively high temperature to recover met- 
als or ash content in the wastes in such a state that they 
can be recycled, and gases containing carbon monox- 
ide (CO) and hydrogen (H 2 ) for use as synthesis gas c* 
ammonia (NH 3 ). 1 - 

Description of the Prior Art: 

Ammonia (NM3) is a basic material for chemical 
industry which is mass-produced material of nitric acid 2c 
various fertilizers; including ammonium nitrate, ammo- 
nium sulfate and urea; acrylonitrile, caproiactam or the 
like. The ammonia is synthesized from nitrogen (N 2 ) 
and hydrogen (H 2 ) under a high pressure in the pres- 
ence of a catalyst Hydrogen (H 2 ) has been produced 25 
by either steam reforming of natural gas or naphtha, or 
partial combustion, i.e. gasification of hydrocarbon such 
as petroleum, coal or petroieum coke. 

It has heretofore been customary to treat organic 
wastes including municipal wastes, plastic wastes 3c 
including fiber-reinforced plastics (FRP), biomass 
wastes, and automobile wastes by incineration to 
reduce volume thereof, or to discard the organic wastes 
in an untreated state in landfill sites. 

Therefore, a small quantity of useful resources has 25 
been recovered from the organic wastes, and used for 
recycling, irrespective of direct or indirect utilization. 

Hydrogen which is a material tot ammonia (NH 3 ) is 
obtained from natural gas, naphtha, petroleum, coal or 
petroleum coke. Since most of those materials are 40 
dependent on importation from abroad, there have 
longed for procuring materials which are inexpensive 
and available in our own country. 

On the other hand, the incineration of solid wastes 
has been disadvantageous for the following reasons: 45 

A stoker furnace or a fluidized-bed furnace has 
heretofore been used for the incineration of solid 
wastes. However, this incineration has been problem- 
atic in respect to environmental conservation, or recy- 
cling of resources or energy. To be more specific, large sc 
quantities of exhaust gas are discharged because of 
high air ratio, and toxic Dioxins are contained in the 
exhaust gas Further, metals which are discharged from 
the furnace are not suitable for recycling because they 
are oxidized, and landfill sites become scarce year by 55 
year. Recently, the number of waste treatment facilities 
which incorporate ash-melting equipment is increasing, 
however, a problem is encountered in construction cost 
and/or operating cost of the waste treatment facilities 



Further, recently, there has been developing a tendency 
tc utilize energy of the solid wastes efficiently. 

Dumping the solid wastes in an untreated state on 
the land has become more difficult because of scarcity 
of landfill sites, and has not been allowable from the 
viewpoint of environmental conservation. Therefore, 
there is no site where the solid wastes such as shredder 
dust of scrapped cars can be disposed of. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a method and apparatus for treating wastes by 
gasrfication which can recover resources In wastes, 
open up a road to separation and reuse of the 
resources, produce synthesis gas having desired com- 
ponents for use as synthesis gas of ammonia by partial 
combustion, solve various problems caused by inciner- 
ation or dumping of organic wastes, and obtain a low 
cost hydrogen (H 2 ) which is used for synthesis of 
ammonia. 

In order to achieve the above object, according to 
one aspect of the present invention there is provided a 
method for treating wastes by gasification, comprising 
the steps of: gasifying wastes in a flutdized-bed reactor 
at a relatively low temperature; introducing gaseous 
material and char produced in the fiuidized-bed reactor 
into a high-temperature combustor; producing synthesis 
gas in the high-temperature combustor at a relatively 
high temperature; quenching the synthesis ga: pro- 
duced in the high-temperature combustor; convening 
CO and H 2 0 in the synthesis gas into C0 2 and H 2 ; and 
recovering H 2 by removing C0 2 . 

According to another aspect of the present inven- 
tion, there is provided an apparatus for treating wastes 
by gasification, comprising: a fluidized-bed reactor for 
gasifying wastes at a relatively low temperature to pro- 
duce gaseous material and char; a high-temperature 
combustor for producing synthesis gas at a relatively 
high temperature; a quenching chamber containing 
water for quenching the synthesis gas; a converter for 
converting CO and H 2 0 in the synthesis gas into CC 2 
and H 2 , and an absorber for absorbing C0 2 to recover 
H 2 . 

The gasifying steps in the fluidized-bed reactor and 
the high temperature combustor may be carried out 
under a pressure ranging from 10 to 40 atm. The recov- 
ered H 2 may be used for producing ammonia. 

The method may comprise the step of separating 
air into oxygen and nitrogen, the separated oxygen 
being used for gasifying agent in the fluidizeo-bed reac- 
tor and the high-temperature combustor, anc the sepa- 
rated nitrogen being used for producing ammonia 

The relatively low temperature in a fluidized-bed of 
the fluidized-bed reactor may be in the range of 450 to 
650°C, and temperature in a freeboard of the fluidized- 
bed reacto r may be in the range of 60C to 800°C. 

The relatively high temperature in the high-tempe-- 
ature combustor may be 1300°C or higher. 
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In tne gasification process, a mixture of oxygen 
obtained by separation of air and steam is used as a 
gasifying agent for producing hydrogen. Nitrogen 
obtained by separation of air is used for synthesis of 
ammonia (NH 3 ). The separation of air into oxygen and - 
nitrogen is earned out by a low-temperature separation 
method (PSA), an adsorption method (TSA) or a mem- 
brane separation. By using oxygen enriched air as a 
gasifying agent, a mixture of hydrogen (H 2 ) and nitro- 
gen (No) wrth a ratio of 3 : 1 can be generated, and the 
generated gas can be used for synthesis of ammonia 
(NH 3 ). 

The apparatus may further comprise a scrubber 
provided at the downstream of the quenching chamber 
for removing dust and toxic gas such as HCI in the gen- 
erated gas, a CO conveitoi for converting CO and HoO 
in the generated gas into H 2 and C0 2 , an acid gas 
removing device for removing C0 2 and H 2 0 after the 
CO shift conversion, and a reactor for reacting the 
retmea wun n it i ■■ icu i ^ ->j • ■ • o 

Further, it is desirable that the apparatus further 
comprises a separator for separating air into N 2 and 0 2 , 
means for introducing the separated N 2 into the reactor 
for synthesizing ammonia (NH 3 ) , and means for intro- 
ducing the separated 0 2 into the fluidized-bed reactor 
and/or the high-temperature combustor 

The above and other objects, features and advan- 
tages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate pre- 
ferred embodiments of the present invention by way of 
example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of an apparatus for 
carrying out the treating method according to a first 
embodiment of the present invention, 
FIG. 2 is a schematic diagram of an apparatus for 
carrying out the treating method according to a sec- 
ond embodiment of the present invention; 
FIG. 3 is a flow diagram showing a process for syn- 
thesizing ammonia (NH 0 ) from the wastes accord- 
ing to an embodiment of the present invention, and 
FIG 4 is a graph showing characteristics of pyroly- 
sis in a nitrogen atmosphere of RDF. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A method and apparatus for treating wastes oy gas- 
.-.--..^r, « th<=> ri' ^°n' invention will be 



30 



35 



4C 



The alternative fuels include refuse-derived fuel 
(RD-) which is produced oy pulverizing and classifying 
municipal wastes, adding quicklime to the classified 
municipal wastes, and compacting them to shape and 
solid-water mixture which is produced by crushing 
municipal wastes, converting them into a slurry with 
water, and converting it into an oily fuel by hydrothermal 
reaction. The biomass wastes include wastes gener- 
ated from water supply or sewage plant (admixture, 
remnant, sewage sludges, or the like), agricultural 
wastes (rice husk, rice straw, surplus products, or the 
Ike), forestry wastes (sawdust, bark, lumber from thin- 
ning, or the like), industrial wastes (pulp-chip dust, or 
the like), and scrap wood from construction. The low- 
quality coal includes peat which has low degrees of 
coalrfication, or coal refuse which is produced upon coal 
dressing. 

The present invention is also applicable to organic 
materials including oil shale, garbage, carcasses of 
beasts, wastes clothing, wastes paper, and any other 
material. 

These wastes are first supplied into a fluidized-bed 
reactor, pyrolized therein. Particularly, by employing a 
revolving-type fluidized-bed reactor as the reactor, the 
wastes which have been coarsely crushed by pretreat- 
ment can be supplied to the fluidized-bed reactor. The 
reason is that by a vigorous revolving flow of the fluid- 
ized medium, good heat transfer to the supplied wastes 
can be obtained, and large-sized incombustibles can be 
discharged from the fluidized-bed furnace. The effects 
of the revolving flow of the fluidized medium will be 
described later in detail. 

Therefore, among these wastes, the municipal 
wastes, the biomass wastes, the plastic wastes, and the 
automobile wastes are roughly crushed tc a size of 
about 30 cm. The sewage sludges and night soil which 
have a high moisture content are dehydrated into a cake 
by a centrifugal separator or the like in dedicated treat- 
ment facilities, and then the dehydrated cake is trans- 
ported to a plant site which has a treating system of the 
present invention. The refuse-derived fuel, the solid 
water mixture, and the highly concentrated wastewater 
aie used as they are. Coal added for calorie adjustment 
may be used as it is. if it is crushed tc a size of 4C mm 
or less. 

The above wastes may be roughly grouped into 
high calorific wastes and low calorific wastes according 
to the calorie of their own and their moisture content. 
Generally, the municipal wastes, the refuse-derived fuel, 
c the solid water mixture, the plastic wastes, the automo- 
bile wastes, and the electric appliance wastes belong to 
the hiah calorific wastes 'he biomass wastes, *he spe- 
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after, they are supplied to the fluid ized-bed reactor 
Metals contained in the wastes which are supplied to 
the fluidized-bed reactor are recovered in a non-cor- 
roded condition if their melting points are higher than 
the fluidized-bed temperature in the fluidized-bed reac- 
tor. Therefore, these recovered metals can be used as 
ingot metal in accordance with a kind o1 metal. 

If the wastes supplied to the fluidized-bed reactor 
have a constant quality, then the ratio of the wastes to 
the gas supplied to the fluidized-bed reactor for gasifica- 
tion is also constant. However, it the proportion of the 
iow calorific wastes in the supplied wastes increases or 
the overall moisture content in the supplied wastes 
increases, then tne temperature of tne fiuidizea-Ded 
tends to go down from a desired value. When the tem- 
perature of the fluidized-bed goes down, it is desirable 
to adjust the proportion of the low calorific wastes to the 
high calorrfic wastes in the supplied wastes to keep the 
calorrfic value of the supplied wastes constant from the 
viewpoint of gas utilization at a later stage. Alternatively 
coal with a hign calorrfic value may De added to adjust 
the calorie of the supplied wastes. Incidentally, oil coke 
may be added instead o* coal to adjust the calorie of the 
supplied wastes 

Next, a fluidized-bed reactor for gasifying wastes at 
a relatively low temperature according to the present 
invention will be described below. Using such a fluid- 
ized-bed reactor for gasifying wastes at a relatively low 
temperature is one of the features of the present inven- 
tion. 

Fluidized-bed reactors themselves are known as 
combustion or gasification furnaces. However, it is a 
novel feature of the present invention to use a combina- 
tion of a fluidized-bed reactor and a high-temperature 
combustor for producing combustible gases, differently 
to the prior art. 

There is a known technology in which coal is sup- 
plied into a high-temperature gasrfication furnace as 
pulverized coal or slurried coal with water. However, in 
case of wastes, it is not easy to pulverize them, com- 
pared with coal. Particularly, if the wastes contain 
incombustibles such as metals, debris, or stones, then it 
is almost impossible to pulverize the wastes or slurry 
the wastes. However, in case of using the fluidized-bed 
reactor, the wastes can be pyrolized in a coarsely crush- 
ing state to thus generate combustible gaseous materi- 
als and fine char. The generated gaseous materials and 
char are introduced into a subsequent high-temperature 
combustor in which they are gasified at a relatively high 
temperature. In the fluidized-bed reactor, only neces- 
sary work is to convert the wastes into combustible gas- 
eous materials and char by a siow reaction of thermal 
decomposition and gasrfication, thus the fluidized-bed 
in the fluidized-bed reactor can be kept at a relatively 
iow temperature. The fluidized-bed reactor which can 
be used in the present invention may be a known 
atmospheric or pressurized fluidized-bed reactor includ- 
ing a bubblmg-type fluidized-bed furnace, in considera- 
tion of characteristics of wastes to be treated However 



it is particularly preferable to use a revolving flow-type 
fluidized-bed reactor wnich has been developed by the 
inventors of the present invention. 

The revolving flow-type fluidized-bed reactor prefer- 

5 ably has a circular horizontal cross- section, and has a 
relatively mild fluidized-bed with a substantially low flu- 
idizing gas rate in a central region and a relatively inten- 
sive fluidized-bed with a substantially high f luidizing gas 
rate in a peripheral region. The revolving flow-type f luid- 

10 ized-bed reactor has an inclined wall installed along an 
inner wall in the vicinity of the surface of the fluidized- 
bed, for deflecting the flow of the fluidized medium rrom 
the peripheral region toward the central region so that a 
revolving flow of the fluidized medium is formed in such 

:s a manner that the fluidized medium descends in the 
mild fluidized-bed, ascends in the intense fluidized-bed, 
moves from the central region toward the peripheral 
region in a lower portion of the fluidized-bed anc moves 
from the peripheral region toward the central region in 

po an upper portion of the fluidized-bed. 

The revolving flow-type fluidized-bed reactor having 
a specific structure according to the present invention 
offers the following advantages: 

25 1 Since the produced char is not accumulated on 

the fluidized-bed and is dispersed well and uni- 
formly in the fluidized-bed, oxidization of char can 
be effectively carried out in the fluidized-bed, partic- 
ularly in the intense fluidized-bed. Heat generated 

30 by oxidization of char is transferred to the fluidized 

medium, and the transferred heat can be effectively 
usec j as a heat source for thermal decomposition 
and gasrfication at a central portion of the fluidized- 
bed in the fluidized-bed reactor. 

35 2. Since the fluidized medium whose upward flow is 
deflected by the inclined wall collides with each 
other at the central portion of the fluidized-bed in 
the f luidized-bed reactor, char is pulverized. If hard 
silica sand is used as a fluidized medium, pulvenza- 

40 tion of char is further accelerated. 

3. Since the wastes go down into the fluidized-bed 
by descending flow of the fluidized medium, the 
solid wastes which have been coarsely crashed 
only can be supplied to the fluidized-bed reactor. 

45 Therefore, it is possible to dispense with a pulveriz- 

ing equipment, and electric power for pulverizing 
can be remarkably reduced. 

4. Although large-sized incombustibles are gener- 
ated due to coarse crushing of the wastes, such 

so large-sized incombustibles can be easily dis- 

charged by the revolving flow of the fluidized 
medium from the fiuidized-bed reactor. 

5. Since the generated heat is dispersed by the 
revolving flow of the fiuidizea medium which is 

55 formed in overall regions of the fluidized-bed, trou- 
ble caused by generation of agglomeration or 
clinker can be avoided. 

In case of a bubbling-type fluidized-bed which is 
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generally used, although the fluidized medium can be 
uniformly fluidized in the f luidizec-bed, dispersion of the 
fluidized medium in horizontal directions is not carried 
out well. Therefore, the revolving flow-type fludized-bed 
reactor of the present invention is superior to the bub- ; 
bling-type fluidized-bed reactor which is commonly 
used, tn respect to the above advantages 1 through 5. 

The fluidized-bed reactor of the present invention 
has the fluidized-bed whose temperature is in the range 
of 450 to B00°C. If the fluidized-bed temperature is 
lower than 450°C, since the reaction of thermally 
decomposing and gasifying the wastes would be 
extremely slow, undecomposed substances would be 
accumulated in the fluidized-bed, and an amount of pro- 
duced char whose oxidization rate is slow would be 
increased. If the fluidized-bed temperature increases, 
the pyrolysis reaction of the wastes is speeded up, 
thereby solving the problem of the accumulation of 
undecomposed substances in the fluidized-bed. How- 
_ ... xi. .«4.:~«r- .~ tnnHinn ratp nf wastes result in 
fluctuations in the amount of generated gas which 
would impair the operation of a subsequent swirling- 
type high-temperature combustor. This is because it is 
impossible to finely adjust the amount of gas supplied to 
the swirling-type high-temperature combustor in accord- 
ance with the amount of oxygen containing gas gener- 
ated in the fluidized-bed reactor. Therefore, an upper 
limit for the temperature in the fluidized-bed is set to 
650°C so that the pyrolysis reaction is relatively slug- 
gish. The fluidized-bed reactor has a larger diameter 
portion above the fluidized-bed which is called "free- 
board". By supplying oxygen containing gas such as 
substantially pure oxygen or oxygen enriched air to the 
freeboard, the load in the subsequent high-temperature 
combustor can be reduced, and gasification of tar and 
char in the generated gas can be accelerated in the 
freeboard 

According to the present invention, a primary com- 
bustion of the wastes is carried out in the f luidized-bed 
at a temperature ranging from 450 to 650°C, and then a 
secondary combustion of the wastes is carried out in 
the freeboard at a temperature ranging from 600 to 
800°C, preferably ranging from 650 to 750° C. 

The fluidizing gas supplied to the f luidized-bed 
reactor for gasifying the wastes is selected from air , oxy- 
gen enriched air, a mixture of an and steam, a mixture 
of oxygen enriched air and steam, and a mixture of oxy- 
gen and steam. As a fluidized medium, sand such as sil- 
ica sand or Olivine sand, alumina, iron powder, 
limestone, dolomite, or the like may be used. 

The gases generated in the fluidized-bed reactor 
_ tpiP q |~ rnP amount of *ar and carbonous materials 
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those whose melting points are lower than the gasrfica- 
tion temperature. Therefore, in order to recover alumi- 
num having a melting point of 650°C, it is necessary to 
set the temperature in the fluidized-bed to 650°C or 
less 

Next, the reason why the fluidized-bed in tne fluid- 
ized-bed reactor is kept at a temperature ranging from 
450 to 65C°C will be described below 

FIG. 4 shows the characteristics of pyrolysis in a 
nitrogen atmosphere of RDF. In a primary gasification 
process carried out in the fluidized-bed reactor, it is 
desirable to generate gaseous components including 
gas and tar as much as possible and solid components 
including combustible materials and ash content, that is 
carbonous materials, as little as possible. Char which is 
generated from carbonous materials in the f luidized-bed 
reactor and has a small diameter, is conveyed to the 
high-temperature combustor with an upward flow of the 
generated gas in the fluidized-bed reactor, but carbon- 
ous materials having a large diameter which have not 
been crushed well in the fluidized-bed are discharged 
with mcombustibles from the bottom of the reactor. 

If the rate of the carbonous materials is high, then 
the amount of the carbonous materials discharged from 
the bottom of the reactor must be increased to prevent 
the solid components from being accumulated in the flu- 
idized-bed. Char discharged from the reactor is reused 
after removing sand and incombustibles therefrom, but 
it is desirable to reduce the amount of char discharged 
from the reactor. 

As shown in FIG. 4, as the temperature of thermal 
decomposition decreases the amount of the generated 
solid components increases Further, the speed of ther- 
mal decomposition becomes extremely slow at a tem- 
perature of 450°C or less, and undecomposed materials 
tend to be accumulated on the f luidized-bed, and hence 
operation of the fluidized-bed reactor becomes difficult. 
Conversely, as the temperature m the fluidized-bed 
increases, the amount of the generated solid compo- 
* nent decreases, thus accelerating pyrolysis of the 
wastes. 

However , since the wastes are supplied to the fluid- 
ized-bed reactor ir aimost non-ciushed condition, if 
possible, reaction velocity increases when the f luid;zed- 

f bed temperature rises excessively Tnerefore, fluctua- 
tions in the supplied rate of wastes result in fluctuations 
in the rate of generated gas and internal pressure of the 
furnace which would impair the operation of a subse- 
quent high-temperature combustor It is confirmed by 

: the experiments of gasification using shredder dust of 
automobile wastes that if gasification temperature is 
f.50' C or >ess CO content r. the exhaust gas is sup- 
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Inasmuch as the fluidized-bed reactor is used to 
gasify wastes at a relatively low temperature, it is possi- 
ble to treat various wastes having a size in the range of 
several millimeters to several centimeters. The fluidized- 
bed reactor has a high capacity and scate-up can be 
done easily. The fluidized-bed reactor is free of moving 
parts so that it can easily be operated for adjustment of 
the temperature and other parameters, and has good 
thermal conductivity for a heating medium to keep the 
temperature of the fluidized-bed uniform. 

If the fluidized-bed reactor comprises a revolving 
flow-type fluidized-bed reactor, the wastes do not need 
to be crushed before being charged into the fluidized- 
bed reactor. The carbonous materials are effectively 
crushed in the fluidized-bed into char which is well dis- 
persed in the fluidized-bed, and thus the fluidized-bed 
reactor has a high capacity of the wastes, can Keep tem- 
perature in the fluidized-bed uniform, and has a high 
gasification efficiency. 

Next, a nigh-temperature combustor will be 
described below The high-temperature combustor is 
supplied with gaseous material and char introduced 
from the fluidized-bed reactor, and gasifies the gaseous 
material and char at a temperature of 1300°C or higher 
by being contacted with gas supplied to the high-tem- 
perature combustor. Tar and char are fully gasified, and 
ash content therein is discharged as molten slag from 
the bottom of the nigh-temperature combustor. 

The high-temperature combustor may comprise a 
Texaco furnace in which gaseous material and char are 
blown therein only from an upper part of the furnace, but 
may preferably comprise a swirling-type high-tempera- 
ture combustor. In the swirling-type high-temperature 
combustor, gaseous material and char are gasified at a 
relatively high temperature while forming a swirling flow 
with gas for gasification, and ash content is melted, and 
then molten ash is separated and discharged therefrom 

By using the swirling-type high-temperature com- 
bustor, high load combustion and high speed combus- 
tion can be performed, distribution of the residence time 
of gas becomes narrow, a carbon conversion efficiency 
and a slag mist collecting efficiency are high, and the 
volume of the combustor may be small. 

The gas introduced into the high-temperature com- 
bustor for gasification may be selected from oxygen 
enriched air and oxygen. The total amount of oxygen 
supplied to the fluidized-bed reactor and the high-tem- 
perature combustor may be in the range of 0.1 to 0.6 of 
the theoretical amount of oxygen for combustion of the 
wastes. The amount of oxygen supplied to the fluidized- 
bed reactor may be in the range of 0. 1 to 0.3 of the the- 
oretical amount of oxygen for combustion of the wastes 
In this manner, fuel gas having a low calorie ranging 
from 1000 to 1500 kcal/Nm 3 (dry) or fuel gas having a 
medium calorie ranging from 2500 to 4500 kcal/Nrrr 
(dry) can be obtained from the high-temperature com- 
bustor. According to the present invention, gas contain- 
ing CO and H 2 as main component can be produced 
from the wastes, and the produced gas can be used as 



industrial fuel gas or synthesis for chemical industry. 

Since ash content in char which is introduced into 
the subsequent high-temperature combustor from the 
fluidized-bed reactor is melted into slag in the high-tem- 
perature combustor, harmful heavy metals are fixed in 
the slag and will not be eluted out. Dioxins and precur- 
sor thereof, and PCB (polyclorinated biphenyl) are 
almost fully decomposed by the high-temperature com- 
bustion in the high-temperature combustor. 

Generally in case of producing synthesis gas for 
use as synthesis for chemical industry, gasification is 
carried out under a pressure ranging from 10 to 40 atm. 
However, gasification may be carried out under atmos- 
pheric pressure, ana refinement of me generaiea gas 
may be carried out under a pressure ranging from 30 to 
40 atm after a CO conversion. As a gasifying agent 
used in the fluidized-bed reactor, a mixture of pure oxy- 
gen (0 2 ) obtained by low-temperature separation of air 
and steam is generally used, but C0 2 recovered by an 
acid gas removing process may be added to 0 2 Nitro- 
gen obtained by low-temperature separation of air is 
used in synthesis of ammonia (NH 3 ). Alternatively, oxy- 
gen enriched air may be used as a gasifying agent. By 
adjusting oxygen concentration so that the ratio of H 2 to 
N 2 is 3 1 after the CO conversion, it is possible to use 
the produced gas as synthesis gas of ammonia as they 
are. However, this method has disadvantages that flow 
rate of gas increases, resulting in a large-sized gas 
treatment equipment. 

In case of using wastes as synthesis gas of ammo- 
nia, it is necessary to ensure the amount of waste and 
to make the quality of the wastes stable. Further, it is 
necessary to deal with change in the quality of the 
wastes during operation of the system. 

In order to solve the above problems according to 
the present invention, when the system cannot be oper- 
ated stably only by using the wastes or the system is in 
start-up, solid fuel such as coal or oil coke having a htgh 
calorie and a stable property which is actually used for 
producing H 2 may be added to the wastes. That is, by 
adding coal or oil coke to the wastes so tnat it is con- 
tained in the wastes at a rate of 20 to 40%, materials for 
gasification can be made stable both in quality and in 
quantity When the quality of the wastes is lowered due 
to some cause during operation, and the concentration 
of Ho or CO in the gas is lowered, the property of gas 
can be made stable by increasing a supply rate of the 
solid fuel. Incidentally, coal used in the system is not 
low-grade coal which belongs to the wastes but a sub- 
bituminous coal or bituminous coal having high degrees 
of coalification. 

Various apparatuses for carrying out tne method for 
treating wastes by gasification according to the present 
invention will be described below with reference to 
drawings. 

FIG. 1 schematically shows an apparatus for carry- 
ing out the method for treating wastes by gasrfication 
according to a first embodiment of the present inven- 
tion. 
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The apoaratus shown in FIG. 1 includes a hopper 1 , 
a screw feeder 2, and a -evolving f low-type fiuidtzed-bed 
reactor 3 having a fluidized-bed 4 therein. The f luidized- 
bed reactor 3 nas a freeboard 5 and a burner 6, and is 
connected to a trommel 7 which is associated with a 
bucket conveyor 8. The apparatus further includes a 
swiring-type high-temperature cornbusto- 9 having a 
primary combustion chamber 10, a secondary combus- 
tion chamber 8 and a slag separation chamber 12 The 
swirling-type high-temperature combustor 9 has burn- 
ers 13. In FIG 1 , the symbols a, b\ b" and c represent 
organic wastes, air for the fluidized-bed 4, air for the 
freeboard 5, air for the high-temperature combustor S, 
and large-sized incombustibles, respectively. Further, 
the symbols d. e, e' and f represent silica sand, gener- 
ated gas, combustion exhaust gas. and slag, respec- 
tively 

Wastes "a" are supplied to the hopper 1, and then 
supplied at a constant rate by the screw feeder 2 to the 
fluidized bed reactor 3. Air "b" is introduced as a gasify- 
ing agent into the fluidized-bed reactor 3 from a bottom 
thereof, forming a fluidized-bed 4 of the fluidized 
medium made of silica sand over a dispersion plate in 
the fluidized-bed reactor 3 

The fluidizmg gas having a relatively low fluidizmg 
gas velocity is supplied into the central part of the fluid- 
ized-bed 4, and the fluidizmg gas having a relatively 
high fluidizing gas velocity is supplied into the peripheral 
part of the fluidized-bed 4, thus forming revolving flows 
of the fluidized medium in the fluidized-bed reactor 4 as 
shown in FIG. 1 

The organic wastes "a" are charged into the fluid- 
ized-bed 4, contacted with 0 2 in the air within the fluid- 
ized-bed 4 which is kept at a temperature ranging from 
450 to 650°C, and quickly pyrolized. The fluidized 
medium in the fluidized-bed 4 and incombustibles are 
discharged from the bottom of the fluidized-bed reactor 
3 and enter the trommel 7 by which the incombustioles 
"c" are removed. The separated silica sand "d" is 
charged back through the bucket conveyor 8 into the flu- 
idized-bed reactor 3 from an upper end thereof The dis- 
charged incombustibles "c" contain metals Since the 
fluidized-bed 4 is kept at a temperature ranging from 
450°C to 650"C, iron, cooper and aluminum can be 
recovered in a non-corroded condition suitable for recy- 
cling. 

When the wastes v a" are gasified in the fluidized- 
bed 4, gas. tar and carbonous materials are generated. 
The gas and tar are atomized and ascend in the fluid- 
ized-bed reactor 3. The carbonous materials are pulver- 
ized intc chat oy a stirring action of the fluidized-bed 4 
Q in: ^p tho rha' is no-ous and light rt is earned with the 
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gasification of tar and char. 

The generated gas "e" discharged from the fluid- 
ized-bed reactor 3 is supplied into the primary combus- 
tion chamber 1C of the swirling-type nign-temperatu^e 
combustor 9. and combusted at a high temperature 
1300°C or higher while being mixed with preheated air 
"b M " in a swirling flow thereof. The combustion is com- 
pleted in the secondary combustion chamber 11, and 
the generated exhaust gas "e"' is discharged from the 
slag separation chamber 12. Because of the high tem- 
perature in the swirling-type high-temperature combus- 
tor S, ash content in the char is concerted into slag mist 
which is trapped by molten slag phase on an inner wall 
of the primary combustion chamber 10 under the cen- 
trifugal forces of the swirling flow. The molten slag flows 
down on the inner wall and enters the secondary com- 
bustion chamber 11, from which slag "f" is discharged 
through a bottom of the slag separation chamber 12. 
The primary and secondary combustion chambers 10 
and 11 are provided with the respective burners 13 for 
start-up. In this manner, combustion is carried out ai an 
air ratio of about 13, and melting of ash content and 
forming of slag thereof are carried out. 

FIG. 2 shows an apparatus for carrying out the 
method for treating wastes by gasification according to 
a second embodiment of the present invention. 

The apparatus shown in FIG. 2 serves to produce 
synthesis gas having a high pressure ranging from 10 to 
40 atm. 

The apparatus comprises a revolving flow-type flu- 
idized-bed reactor 3 and a swirling-type high-tempera- 
ture combustor 17. The fluidized-bed reactor 3 is 
connected to a rock hopper 14 which is associated with 
a screen 15. The swirling-type high-temperature com- 
bustor 17 is aiso connected to a rock hopper 14' which 
is associated with a screen 15'. The screen 15 is con- 
nected to the fluidized-bed reactor 3 through a fluidized 
medium circulation line 16. The swirling-type high-tem- 
perature combustor 1 7 has a htgh-temperature gasifica- 
tion chamber 18 and a quenching chamber 19 therein. 
The swirling-type high-temperature combustor 17 is 
connected to a cyclone 20 which is connected to a 
scrubber 21. A settler 22 which is associated with the 
high-temperature combustor 17 is provided. In FIG. 2, 
"a"' represents coal or oil coKe for supplementary fuel. 
' g" and "g"' reoresent a mixture of 0- and H-O as a gas- 
ifying agent, and -g'"' represents 0 ? as a gasifying 
agent. 

Wastes "a" are supplied at a constant rate through 
a rock hopoer or the like to the f luidized-bed reactor 3. A 
mixture of and H : 0 is introduced as a gasifying 
agent ' g" into'the f luidized-bed reactor ? from s bottom 
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pyrolizec. The fluidized medium in the fluidized-bed 4 
and mcombustibles are discharged from the bottom of 
the fluidized-bed reactor 3, pass through the rock hop- 
per 1 4, and then are supplied to the screen 1 5 by which 
the mcombustibles "c" are separated. The silica sand 
"d" ts charged back through the fluidized medium circu- 
lation line 16 into the fluidized-bed reactor 3 The dis- 
charged mcombustibles "c" contain metals. Since the 
fluidized-bed 4 is kept at a temperature ranging from 
450 to 650°C, iron, copper and aluminum can be recov- 
ered in a non-corroded condition suitable for recycling. 

When the wastes "a" are gasified in the tluidized- 
bed 4, gas, tar and carbonous materials are generated 
The gas and tar are vaporized and ascend in tne fiuia- 
ized-bed reactor 3. The carbonous materials are pulver- 
ized into char by a vigorous revolving action of the 
fluidized-bed 4. Since the char is porous and light, it is 
carried with the upward flow of the generated gas Since 
the fluidized medium of the fluidized bed 4 comprises 
hard silica sand, the pulverization of the carbonous 
materials is accelerated. A gasifying agent "g'" compris- 
ing a mixture of 0 2 and H 2 0 is blown into the freeboard 
5 to gasify the gas, tar and char at a temperature rang- 
ing from 600 to 800°C for thereby accelerating conver- 
sion of gas components into low-molecular components 
and gasification of tar and char. 

The generated gas "e"" discharged from the fluid- 
ized-bed reactor 3 is supplied into the high-temperature 
gasification chamber 18 of the swirling-type high-tem- 
perature combustor 1 7, and combusted at a high tem- 
perature 1300°C or higher while being mixed with 
preheated gasifying agent "g"" in a swirling flow thereof. 
Because of the high temperature in the swirling-type 
high-temperature combustor 17, ash content in the gas 
is converted into slag mist which enters the quenching 
chamber 19 with the gas to be contacted with water 
directly. In the quenching chamber 19, the slag is 
quenched into granulated slag, and the granulated slag 
is discharged through the rock hopper 14' to the outside 
of the high-temperature combustor 17, and then classi- 
fied into course grain slag T" and fine grain slag T ! " by 
the screen 15'. 

The generated gas is discharged from the high- 
temperature combuster 17, and supplied to the scrub- 
ber 21 through the cyclone 20. In the scrubber 21, the 
gas is scrubbed to thus produce refined gas. 

FIG. 3 is a flow diagram showing a process for syn- 
thesizing ammonia (NH 3 ) from organic wastes accord- 
ing to an embodiment of the present invention. 

As shown in FIG. 3, the process comprises a step 
100 of gasification, a step 200 of carbon monoxide con- 
version, a step 300 of removing acidic gas, a step 400 of 
gas refining with liquid nitrogen, a step 500 of synthesiz- 
ing ammonia, and a step 60C of recovering sulfur. An 
apparatus for carrying out the above process includes a 
gas scrubber 21, a low -temperature air separator 23, a 
fluidized-bed reactor 3 for carrying out a primary gasifi- 
cation of organic wastes, a nign-temperature combustor 
17 for carrying out a secondary gasification at a rela- 



tively high temperature, a carbon monoxide converter 
36, an absorption tower 40, a condensate tank 41, a 
carbon dioxide stripping tower 44, a hydrogen sulfide 
stripping tower 50, an adsorption tower 53 a liquid nitro- 

5 gen cleaning tower 56, and a cooler 57. The apparatus 
further includes a compressor 58 for compressing gas- 
eous nitrogen a compressor 59 for compressing gase- 
ous oxygen, a compressor 60 for compressing 
synthesis gas, an ammonia synthesis tower 62, an 

1C ammonia refrigerator 68, an ammonia separator 70, 
and an ammonia storage tank 72. The apparatus further 
includes heat exchangers 38, 39, 48, 52, 64 and 66, and 
pumps 30, 46 and 54. In FIG. 3, the symbols i, j, q and r 
lepresent air, oxygen [O2), suitur (S) and ammonium 

,5 sulfite, respectively 

Air "i" is separated into oxygen "j" and nitrogen "k" 
by the air separator 23. The separated oxygen is com- 
pressed by the compressor 59, and supplied to the flu- 
idized-bed reactor 3 and the high-temperature 

20 combustor 1 7 as a gasifying agent. The nitrogen "k" is 
compressed by the compressor 58, and used as gas for 
synthesis of ammonia A low-temperature separation 
method is generally used for separating air. 

In the gasification step 100, organic wastes "a" and 

25 a supplementary material "a"' are treated at a relatively 
low temperature in the fluidized-bed reactor 3, and then 
treated in the high-temperature combustor 17 at a tem- 
perature ranging from 1200 to 1500°C and under a 
pressure ranging from 10 to 40kg/cm 2 G to generate 

30 gas containing CO, H 2 , H 2 0 and CO as main compo- 
nents. The temperature in the high-temperature com- 
bustor 17 is mainly adjusted by controlling the amount 
of oxygen. The high-temperature combustor 17 is of a 
direct-quench system, and has a high-temperature gas- 

35 rfication chamber 18 at an upper part thereof and a 
quenching chamber 1 9 at a lower part thereof. The gen- 
erated gas is quenched in direct contact with a water in 
the quenching chamber 19, and then discharged from 
the high-temperature combustor 17 By this quenching, 

40 a large amount of steam is generated, the generated 
steam flows with the generated gas, and most of slag 
generated in the high-temperature gasification chamber 
18 is removed. The slurry of the slag and water is sup- 
plied to a slag treatment process. The generated gas, 

45 which is accompanied by the large amount of steam 
when being discharged from the quenching chamber 
1 9, is cleaned in a venturi scrubber (not shown) and the 
gas scrubber 21 to remove the stag mist therefrom. 
Tnereafter, the generated gas is supplied to the step 

5C 200 of carbon monoxide conversion The scrubbing 
water in the bottom of the gas scrubber 21 is mainly 
supplied to the quenching chamber 19 by the pump 30 
for circulation, and the part of the scrubbing water is 
supplied to the slag treatment process. 

55 In the step 200 of carbon monoxide conversion, the 

generated gas containing steam and supplied from the 
step 1 00 of gasification is used as synthesis gas The 
gas from the gas scrubber 21 is heated by the neat 
exchange with a gas passing through a first-stage cata- 
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lyst bed to a temperature suitable for the carbon monox- 
ide conversion in the heat exchanger 38, and then 
suppliec to the carbon monoxide converter 36. \n \he 
carbon monoxide converter 35, carbon monoxide (CO) 
in the gas reacts with the accompanied steam in the 5 
present of carbon monoxioe conversion catalyst to pro- 
duce hydrogen (H 2 ). The carbon monoxide converter 36 
comprises two-stage catalyst beds composed of Co-Mo 
catalyst. The temperature at an inlet of tne first-stage 
catalyst bed is approximately 300°C. The molar ratio of ic 
steam to dry generated gas is approximately 1.5. The 
temperature at an exit of the first-stage catalyst bed is 
not allowed to exceed 480°C. 

The temperature at an inlet of the second-stage 
catalyst bed is approximately 300 C C. The conversion i5 
ratio is 90% or more, and the concentration of carbon 
monoxide in the dry gas at the exit of the carbon monox- 
,de converter 36 is 2% or less. The carbon monoxide 
conversion reaction is expressed by the following for- 

20 

muia. 

CO + H 2 0 = C0 2 + H 2 

This reaction is exothermic reaction, and the high- 
temperature gas passing through the first-stage catalyst 25 
bed is cooled by the heat exchange with a gas from the 
inlet of the carbon monoxide converter 36, and then 
enters the second-stage catalyst bed. In the second- 
stage catalyst bed, the carbon monoxide conversion 
reaction proceeds furthermore. 3u 

The gas passing through the carbon monoxide con- 
verter 36 is cooled by the heat exchanger 39 to approx- 
imately 40°C, and separated in the condensate tank 41 
into condensed water and gas, and then cooled to -17° 
by the heat exchange with a part of purified gas from the 35 
top of the nitrogen cleaning tower 56 Thereafter, the 
cooled gas ts supplied to the step 300 of removing 
acidic gas in which a physical adsorption process, i.e. 
Rectisol process, is carried out to remove impurities 
including hydrogen sulfide (H 2 S), carbonyl sutfide * 
(COS) and carbon dioxide (CO : ). from the converted 
gas supplied from the step 200 of carbon monoxide 
conversion. 

The gas cooled to -17 n C is introduced into the 
absorption tower 40 in which carbon dioxide (C0 2 ) is * 
absorbed by being contacted with liquid methanol of 
approximately -60°C countercurrently. As a result, the 
gas discharged from the absorption tower 40 contains 
carbon dioxide (C0 2 ) concentration ranging from 10 to 
20 ppm and hydrogen sulfide (H 2 S) concentration of f 
approximately 0 1 ppm As methanol used as an 
i n;]t -j ah^nrh^ c.arnor dioxide thp tempera- 



from the absorption tower 40 In order to recover hydro- 
gen (H-) and caroon monoxioe (CO) from the methanol, 
the methanol is treated under reauced pressure in a 
methanol regeneration tower (not shown) to release 
hydrogen (H 2 ) and carbon monoxide (CO) therefrom. 
The released" hydrogen and carbon monoxide are com- 
pressed by a compressor, and used for recirculation. On 
the other hand, in order to recover carbon dioxide (C0 2 ) 
of high purity which is absorbed by the methanol, the 
methanol is supplied to the carbon dioxide stripping 
tower 44, and oepressurised therein and stripped by 
gaseous nitrogen, whereby carbon dioxide (C0 2 ) in the 
methanol is released and the released carbon dioxide is 
recovered. 

The methanol containing condensed hydrogen 
sulfide (H 3 S) is taken out from the bottom of the carbon 
dioxide stripping tower 44 and supplied to the heat 
exchanger 48 by the pump 46. After heated in the heat 
exchanger 48, the methanol is supplied to the hydrogen 
sulfide stripping tower 50 in which it is indirectly regen- 
erated by steam. Hydrogen sulfide enriched gas dis- 
charged from the top of tne hydrogen sulfide stripping 
tower 50 ts cooled in the heat exchanger 52, and then 
supplied to the step 600 of recovering sulfur in which 
sulfur "q- or ammonium sulfite V is recovered. The 
methanol drawn from the bottom of the hydrogen sulfide 
stripping tower 50 is supplied to the top of the absorp- 
tion tower 40 by the pump 54 for recirculation. 

Hydrogen enriched gas supplied from the absorp- 
tion tower 40 which contains a small amount of carbon 
monoxide (CO) and a trace amount of carbon dioxide 
(C0 2 ) passes through the adsorption tower 53 to allow 
methanol and carbon dioxide to be removed therein, 
and is cooied to approximately -190°C by the cooler 57, 
and then supplied to the liquid nitrogen cleaning tower 
56. In the step 400 of gas refining with liquid nitrogen, 
the supplied gas containing a trace amount of carbon 
monoxide (CO) and methane (CH 4 ) is cleaned with 
supercooled liquid nitrogen to thereby remove carbon 
■ monoxide and methane. Gaseous hydrogen is not 
absorbed by tne liquid nitrogen because hydrogen has a 
tower boiling point than nitrogen. Therefore, purified 
hydrogen enriched gas containing nitrogen is obtained 
fiom the top of the nitrogen cleaning towei 55 

The purified gas dischargee from the top o ; the liq- 
uid nitrogen cleaning tower 56 is mixed with gaseous 
nitrogen having high pressure which is generated from 
the liquid nitrogen cooled by the cooler 57 so that the 
molar ratio of hydrogen to nitrogen is adjusted to a suit- 
; able value, i.e., approximately 3 suitable for ammonia 
syntnesis. and the mixed gas is heated through the 
cooler 57 aoain ana supplied to the step 500 for synthe- 
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supplied gas are absorbed with liquid nitrogen, and 
removed. The liquid nitrogen which has absorbed the 
impurities such as carbon monoxide (CO), argon (Ar) 
and methane (CH 4 ) is drawn from the bottom of the 
nitrogen cleaning tower 56, and depressurized and 5 
used as a fuel for a boiler. The gas supplied from the 
cleaning step 400 is compressed to a pressure of, for 
example 1 50 kg/cm 2 G in the first-stage of the compres- 
sor 60, and then the compressed gas is mixed with the 
recirculating gas from the ammonia separator 70 10 
Thereafter, the mixed gas is compressed to a pressure 
of 165 kg/cm 2 G in the second-stage of the compressor 
60, and then supplied to the ammonia synthesis tower 
62. Tne ammonia synthesis tower nas two-stage cata- 
lyst beds composed of Fe catalyst. The gas at an inlet of ,5 
the ammonia synthesis tower 62 nas a pressure of 164 
kg/cm 2 and a temperature of 250°C. The ammonia syn- 
thesis reaction is carried out when the synthesis gas 
passes through the catalyst beds The reaction is 
exoressed by the following formula 2c 



N 2 + 3H 2 = 2NH 3 



The gas which has passed through the catalyst 
beds has a temperature exceeding 500 C C. however, it is ?s 
cooled by the cooled gas introduced into the ammonia 
synthesis tower 62. 

The ammonia discharged from the ammonia syn- 
thesis tower 62 has a pressure of 160 kg/cm^G and a 
temperature of 450°C. The ammonia is cooled to 30 
around room temperature by the heat exchangers 64 
and 66, and further cooled by the ammonia refrigerator 
68, thus most of ammonia is condensed. The con- 
densed ammonia is separated into liquid ammonia and 
gas, and the liquid ammonia is fed to the ammonia stor- 35 
age tank 72. The separated gas is supplied to the sec- 
ond-stage of the compressor 60 by which it is 
compressed to a pressure of 165 kg/cm 2 G, and then the 
compressed gas is supplied to the ammonia synthesis 
tower 62 for recirculation. ^ 

As described above, the method and apparatus for 
treating wastes by gasification according to the present 
invention offers the following advantages: 

1. Hydrogen which is a material for ammonia (NH 3 ) 45 
can be produced from organic wastes which are 
available in our own country. Thus, production cost 

of ammonia is greatly reduced. 

2. By gasifying the organic wastes to produce 
hydrogen, various problems caused by conven- so 
tional incineration treatment can be solved To be 
more specific, the amount of exhaust gas is greatly 
reduced, and dioxins and precursor thereof are not 
generated Further, since ash content in the wastes 

is converted into harmless slag, a life of reclaimed 55 
land can be prolonged, and tne recovered slag can 
be utilized as pavement materials. 

3. Metals such as iron, copper or aluminum car be 
recovered in a non-corroded condition suitable for 



recycling. 

From the viewpoint of effective utilization of the 
wastes and environmental conservation, gasifica- 
tion facilities for gasifying organic wastes and 
ammonia synthesis facilities are constructed adja- 
cently to each other, and combined organically in 
respect to utilization of materials to enhance func- 
tions of both of facilities as a total system. 
4. By supplying supplementary fuel such as coal or 
oil coke, it is possible to deal with fluctuations of the 
wastes both in quality and in quantity. Particularly 
the gasrfication facilities can be operated stably 
against deterioration in property of produced gas bv 
increasing mixing ratio of the solid fuel. 

Although certain preferred embodiments of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without depa-tmg 
from the scope of the appended claims. 
Accordmg to its broadest aspect the invention relates to: 

A method for treating wastes by gasification, com- 
prising the steps of: 

gasifying wastes in a fluidized-bed reactor at a rela- 
tively low temperature; 

introducing gaseous material and char produced in 
said fluidized-bed reactor into a high-temperature 
combust or, and 

producing synthesis gas in said high -temperature 
combustor at a relatively high temperature. 

It should be noted that the objects and advantages 
of the invention may be attained by means of any com- 
patible combination(s) particularly pointed out in the 
items of the following summary of the invention and the 
appended claims. 

SUMMARY OF THE INVENTION: 

1. A method for treating wastes by gasification, 
comprising the steps of: 

gasifying wastes in a fluidized-bed reactor at a 
relatively low temperature; 
introducing gaseous material and char pro- 
duced in said fluidized-bed reactor intc a high- 
temperature combustor; 

producing synthesis gas in said high-tempera- 
ture combustor at a relatively high temperature; 
quenching said synthesis gas produced in said 
high-temperature combustor; 
converting CO and H 2 0 in said synthesis gas 
into C0 2 and H 2 ; and recovering H 2 by remov- 
ing CO2- 

2. A method wherein said gasifying steps in saidflu- 
idized-bed reactor and said high temperature com- 
bustor are carried out under a pressure ranging 
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from 10 tc 4C atm. 

3. A method wherein saic recovered H 2 is used for 
producing ammonia. 

4. A method further comprising separating air into 
oxygen and nitrogen, the separated oxygen being 
used for gasifying agent in said fluidized-bed reac- 
tor and said high-temperature combustor, and the 
separated nitrogen oeing used for producing k- 
ammonia. 

5. A method wherein said relatively low temperature 
in a fluidized-bed of said fiuidized-bed reactor is in 
the range of 450 to 650°C, and temperature in a m 
fieeboard of said fluidized-bed reactor is in the 
range of 600 to 800°C 

6 A method wherein said relatively high tempera- 
ture in said hi^h-temperature combustor is 1300 U C 2c 
or higher. 

7. An apparatus for treating wastes by gasification, 
comprising: 

2t 

a fluidized-bed reactor for gasifying wastes at a 
relatively low temperature to produce gaseous 
material and char, 

a high-temperature combustor for producing 

synthesis gas at a relatively high temperature; 3. 

a quenching chamber containing water for 

quenching said synthesis gas; 

a convertor for converting CO and H 2 0 in said 

synthesis gas into C0 2 and H 2 ; and 

an absorber for absorbing C0 2 to recover H 2 . 3 

S An apparatus according to claim 7, wherein gas- 
ifications in said fluidized-bed reactor and said 
high-temperature combustor are earned out under 
a pressure ranging from 10 to 40 atm. 

9. An apparatus wherein said recovered H 2 is used 
for producing ammonia 

10. An apparatus further comprising a separator for 
separating air into oxygen and nitrogen, the sepa- 
rated oxygen being used for gasifying agent in said 
fluidized-bed reactor and said high-temperature 
combustor, and the separated nitrogen being used 
for producing ammonia 

1 i An anoarah:? wherein said r^ativeiy low lerr- 



1300^ 0 or higher. 
Claims 

1. A metnod for treating wastes by gasification, com- 
prising the steps of: 

gasifying wastes in a fluidizea-bed reactor at a 
relatively low temperature; 
introducing gaseous material and char pro- 
duced in said fluidized-bed reactor into a high- 
temperature combustor; 
producing synthesis gas in said high-tempera- 
ture combustor at a relatively high temperature; 
quenching said synthesis gas produced in said 
high-temperature combustor, 
converting CO and H 2 0 in said synthesis gas 
into C0 2 and H 2 ; and 
recovering H 2 by removing C0 2 . 

2. A method according to claim 1 , wherein said gasify- 
ing steps in said fluidized-bed reactor and said high 
temperature combustor are carried out under a 
pressure ranging from 10 to 40 atm 

3. A method according to claim 1 , wherein said recov- 
ered Ho is used for producing ammonia. 

4. A method according to claim 3, further comprising 
separating air into oxygen and nitrogen, the sepa- 
rated oxygen being used for gasifying agent in said 
fluidized-bed reactor and said high-temperature 
combustor, and the separated nitrogen being used 
for producing ammonia. 

5. A method according to claim i , wherein said rela- 
tively low temperature in a fluidized-bed of said flu- 
idized-bed reactor is m tne range o* 450 tc 65CTC, 
and temperature in a freeboard of said fluidized- 
bed reactor is in the range of 600 to 800°C. 

6. A metnod according to claim 1 , wherein said rela- 
tively high temperature in said hign-temperature 
combustor is 1300 "C oi higher 

7. An apparatus for treating wastes by gasification, 
comprising: 

a fluidized-bed reactor for gasifying wastes at a 
relatively low temperature to produce gaseous 
matenal and char . 

a hiah-temperature combustor for producing 
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8. An apparatus according to claim 7 wherein gasifi- 
cations in said fljidized-bed reacts and said high- 
temperature combustor are carried out under a 
pressure ranging from 10 to 40 atm. 

9. An apparatus according to claim 7 or 8, wherein 
preferably said recovered H 2 is used for producing 
ammonia, 

and/or further preferably comprising a sepa- 
rator for separating air into oxygen and nitrogen, the to 
separated oxygen being used for gasifying agent in 
said fluidized-bed reactor and said high-tempera- 
ture combustor, and the separated nitrogen being 
used for producing ammonia, 

and/or wherein preferably said relatively low 
temperature in a fluidized-bed of said fluidized-bed 
reactor is in the range of 450 to 650°C, and temper- 
ature in a freeboard of said fluidized-bed reactor is 
jp th s rapgo cf 600 to 800°C, and/ or 

wherein preferably said relatively high tern- 2c 
perature in said high-temperature combustor is 
1300°C or higher 

10. A method for treating wastes by gasification, com- 
prising the steps of: 25 

gasifying wastes in a fluidized-bed reactor at a 
relatively low temperature; 
introducing gaseous material and char pro- 
duced in said fluidized-bed reactor into a high- 30 
temperature combustor; 
producing synthesis gas in said high-tempera- 
ture combustor at a relatively high temperature 
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